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Abstract

e AIM: To evaluate the characteristic of choroidal
thickness ( CT) in highly myopic glaucoma eyes, and
investigate the factors that affect the CT in various regions
of the macula.

e METHODS: Thirty - two highly myopic eyes of 18
patients with primary open angle glaucoma (POAG), 36
non-highly myopic eyes of 20 patients with POAG, and 33
non - glaucoma highly myopic eyes of 21 matched
volunteers were enrolled. CT at subfoveal, and Tmm and
3mm nasal, temporal, superior, and inferior to the fovea
was measured using enhanced depth imaging coherence
tomography. Multiple linear regression analyses were
performed to detect the effects of diagnosis, spherical
equivalent (SE), age, intraocular pressure (IOP), central
corneal thickness (CCT), and mean deviation (MD) of
visual field defect on CT at all measured points.

¢ RESULTS: The choroid of highly myopic glaucoma eyes
was statistically thinner than non - highly myopic
glaucoma eyes at various locations (all P<0.05), while
there was no significant difference between highly myopic
glaucoma and non - glaucoma high myopia eyes at all
locations (all P> 0. 05). Multiple regression analysis
showed that SE was the most influential factor on CT in all
regions of the macula, and CT varied significantly with
age in 3mm superior to fovea (S3CT), but not with
diagnosis, MD of visual field defect, IOP, or CCT.

e CONCLUSION: CT in highly myopic glaucoma is
equivalent in comparison with non - glaucoma highly
myopia, although it's thinner than that in glaucoma eyes
without high myopia. This implies the lack of association
between CT and progression of glaucomatous optic

neuropathy.
e KEYWORDS . myopia; primary open - angle glaucoma;
choroidal  thickness; macula; optical coherence
tomography
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INTRODUCTION
M yopia is an independent risk factor for having primary
open — angle glaucoma ( POAG )", Epidemiologic
evidence suggests that high myopia is a risk factor for not only
the development but also the progression of glaucomatous optic
neuropathy *>'. The pathogenesis in patients with both high
myopia and glaucoma is quite equivocal.
Some studies have reported that patients experiencing
glaucoma progression have worse ocular hemodynamics than
nonprogressors *'. Choroidal thickness (CT) evaluation for
detecting choroidal blood flow has been increasingly studied to

blood flow to

glaucomatous optic neuropathy. Whether CT correlates with

detect the role of impaired choroidal
glaucomatous damage is still an open question. Some
researchers' "' found that thinner choroid is associated with

11-14

glaucoma, while results of other studies'"'™ did not support
the view.

High myopia is associated with thinner CT'"™™_ Tt is not
known whether eyes with thinner choroid are more vulnerable
to suffer glaucomatous damage than normal eyes. In other
words, whether thinner choroid induced by high myopia
accelerates the development and progress of glaucomatous
damage in highly myopic glaucoma than in non—highly myopic
glaucoma eyes. In the current study, we aimed to determine
the characteristic of CT in highly myopic glaucoma eyes, and
to elucidate the association between CT and glaucomatous
optic neuropathy.

SUBJECTS AND METHODS

The study was performed according to the tenets of the
Declaration of Helsinki. The ethics committee of Tongji
Hospital, in which the work has been held, approved the
protocol of the study. Informed consent was obtained from
each patient. All subjects received a complete ophthalmic
examination which included the best—corrected visual acuity,
( 10P) ( Goldmann
tonometer ) , gonioscopy, ocular fundus examination, visual
field test ( Humphrey, 30 -2, SITA - standard ), central

corneal thickness ( CCT; A - mode ultrasound ), and

intraocular pressure measurement

dioptometry. Highly myopic glaucoma and POAG subjects
were included if they had an established diagnosis made by a
glaucoma specialist according to the Chinese glaucoma
association guidelines. The high myopia subjects were
volunteers without glaucoma. Three groups were involved in
the study. Group 1: highly myopic glaucoma [ spherical
equivalent (SE) > —6.0 diopters (D) ], consisted of 32 eyes
of 18 patients. Group 2: non-highly myopic glaucoma (SE -
6.0D to +0.5D) , consisted of 36 eyes of 20 patients. Group
3. consisted of 33 non-—glaucoma highly myopic eyes of 21
volunteers. Inclusion criteria were open angles, reliable visual
field results, and SE between +0.5 and —18 D to exclude
extremely high myopia. The exclusion criteria included; 1)
macular abnormalities such as choroidal neovascularization or

whitish myopic atrophy; 2) systemic abnormalities such as
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vascular disease, hypertension, or diabetes mellitus; or 3) a
history of intraocular surgery.

Enhanced depth imaging ( EDI) mode of spectral domain
Heidelberg,
Germany) was used to measure CT via the method described

/. CT was defined as the layer extended from

optical coherence tomography ( Spectralis,
previously' "'
retinal pigment epithelium ( RPE) to the choroid — sclera
hyperreflective borderline in the profile of the image. CT was
measured at nine points: subfoveal CT ( SFCT) and CT at
Imm and 3mm nasal, temporal, superior, and inferior to the
fovea. The average CT was calculated by averaging the CTs at
the nine points. All measurements were conducted twice by 2
experienced technicians.

SPSS 12.0 (SPSS Inc. , Chicago, IL,
USA) was used for statistical analysis. CT is presented as the

Statistical Analysis

mean + standard deviation. Differences among groups were
analyzed by One —way ANOVA. Linear correlation analysis
was performed to assess the possible association of CT with
systemic and ocular parameters in glaucoma individuals.
Multiple linear regression analyses were performed to
investigate the effects of potential factors such as SE, age,
IOP, CCT, and mean deviation (MD) of visual field defect
on average CT and CT measured at each point. P<0.05 was
considered statistically significant.

RESULTS

The demographics and clinical characteristics of the study
population are summarized in Table 1. No significant
differences in age and gender among 3 groups. No significant
difference in spherical equivalent between Group 1 and Group
3. No significant difference in CCT, IOP and visual field
defect MD between Group 1 and Group 2.

Table 2 shows that the mean CT was significantly different at
various locations among three groups (all P<0.05). The
choroid of high myopia eyes with glaucoma was found to be
thinner than that of non-highly myopic glaucoma eyes at all
locations (all P <0.05). But there were no significant
differences in CT between highly myopic glaucoma group and
non-— glaucoma high myopia group at all locations (all P>
0.05). Figure 1 shows that the greatest measurement of CT
was under the fovea in non — highly myopic glaucoma eyes
(323.81wm) , whereas at 3mm superior to the fovea in highly
myopic glaucoma (214. 57pum ) and non - glaucoma high
myopia (208. 18 wm) groups. The mean CT had a minimum
at 3mm nasal to fovea in all three groups.

Linear correlation analysis demonstrated that the variable
associated significantly with CT was SE at all nine locations,
and age at some sites (Table 3).

In patients with glaucoma, stepwise multiple regression
analysis showed that the SE was the most influential factor on
CT in all regions of the macula. The CT varied significantly
with age at 3 —mm superior to the fovea (P =0.032; not in
Table) , but not with diagnosis (indicates glaucoma with high
myopia vs. glaucoma without high myopia), MD of visual

field defect, I0P, or CCT (Table 4).
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Table 1 Demographic and clinical characteristics of study participants (xzs)
Variables Group Mean+SD Between groups P value Overall P value
Age (a) 172 28.1+6.4/31.6+7.8 0.052* 0.102*
173 28.1+6.4/33.2+16.7 0.130°
2/3 31.6+7.8/33.2+16.7 0.370°

Gender (M:F) 172 14.4/13.7 0.307" 0.147"
173 14.4/10.11 0.054"
2/3 13:7/10:11 0.210"

Spherical equivalent (D) 172 -9.15+2.69/-0.92+1.70 0.000" 0.000°
1/3 -9.15+2.69/-9.56+2.96 0.516°
2/3 -0.92+1.70/-9.56+2.96 0.000*

IOP (mm Hg) 172 18+7/18+6 0.243° 0.026°
173 18+7/15+3 0.017°
2/3 18+6/15+3 0.007*

CCT (pm) 172 546+49/535+30 0.287¢

MD (dB) 172 -9.78+6.78/-10.21+10.20 0.734¢

Group 1: Highly myopic glaucoma; Group 2: Non-highly myopic glaucoma; Group 3: Non-glaucoma high myopia;" ANOVA test; "Chi-

squared test; “Independent (—test.

Table 2 Choroidal thickness in highly myopic glaucoma, non-highly myopic glaucoma and high myopia subjects (X%£S)
. Thickness ((um)
Location - - - - - - P
1, myopic glaucoma on—ni, myopic glaucoma on—glaucoma nign myopia
Highly myopic gl Non-highly myopic gl Non—gl high myop

SFCT 171.01+72.15" 323.81+126.19"¢ 165.87+85.87" 0.000
N1 (mm) 146.36+63.79" 302.29+125.25"¢ 148.53+90. 89" 0. 000
T1(mm) 182.81+69.91" 311.10+117.85"¢ 179.12+88. 45" 0.000
S1(mm) 194.74+67.25" 303.65+122.43"¢ 192.72+103.09" 0.000
I1 (mm) 181.12+72.48" 313.35+121.45"¢ 175.04+89.77" 0.000
N3 (mm) 95.56+52. 82" 197.86+100. 60" 111.11+74.56" 0.000
T3 (mm) 192.95+68.31" 273.22+99.05%¢ 178.38+90. 84" 0.000
S3(mm) 214.57+60.50" 267.37+99. 84" 208. 18+107. 15" 0.000
I3(mm) 179.67+64.31" 270.24+94.57%¢ 172.15+98.29" 0.000
average 173.20+58. 62" 284.77+101.61"¢ 170.12+88.51" 0.000

“Compared with Group 1, P<0.05;"Compared with Group 2, P<0. 05 ;" Compared with Group 3, P<0.05; SFCT: Subfoveal choroidal thickness.

TR ol G Table 3 Linear correlation analysis for variables associated
ighly Myopic Glaucoma
500 —=—Non-highly Myopic Glaucoma with choroidal thickness in glaucoma
/E; 450 High Myopia N
S Location Age Sex SE 10P MD CCT
£ 350 SFCT 0.259* -0.103 0.655"> -0.030 -0.099 0.013
% 300 N1 (mm) 0.328"> -0.038 0.677° -0.069 -0.032 0.043
5 250 T1 (mm) 0.227 -0.151 0.643" -0.008 -0.110 -0.012
g 200
é 150 S1 (mm) 0.193 -0.193 0.583" -0.074 -0.076 0.007
g 0 11 (mm) 0.196 -0.176 0.598> -0.024 -0.067 0.032
50 N3 (mm) 0.250° -0.117 0.573> -0.039 -0.012 0.094
0 Z T3 (mm) 0.136  -0.149 0.515"> 0.056 0.036 -0.039
SF N1 Tl Sl 11 N3 T3 S3 3 \
Location (S, superior; I, inferior; N, nasal; T, temporal) S3 ( mm) 0.016 -0.202 0.464 -0.089 -0.007 -0.091
13 (mm) 0.114 -0.072 0.556* -0.049 0.022 0.175
Figure 1 Graph showing the mean choroidal thickness average 0.216 =0.142 0.641" -0.039 —0.045 0.027

measured at 9 locations between highly myopic glaucoma, non-
highly myopic glaucoma, and non - glaucoma high myopia

subjects.

DISCUSSION
The assessment of the role of CT in the pathogenesis of
glaucoma remains an active area of research. It is crucial to

know if there is an association between CT and glaucomatous

4P<0.05;"P<0.01; SFCT; Subfoveal choroidal thickness; SE; Spherical
equivalent; MD: Mean deviation; IOP; Intraocular pressure; CCT: Central

corneal thickness.

optic neuropathy, and whether thinner choroid induced by
high myopia may expose the optic nerve to more glaucomatous
damage.

Our finding that CT of both highly myopic glaucoma and high
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Table 4 Stepwise multivariate regression for association with
subfoveal and average choroidal chicknesses

Subfoveal Thickness

Average Thickness

Parameter
Coefficient P Coefficient P

Diagnosis® 0.081 0.689 -0.035 0. 865
Age (a) -0.071 0.513 -0.118 0.284
SE (D) 17.986 0.000 13.734 0.000
MD (dB) -0.087 0.359 -0.033 0.732
IOP (mm Hg) 0.029 0.758 -0.039 0.688
CCT (pm) 0.056 0.556 -0.069 0.477

“Indicates glaucoma with high myopia vs glaucoma without high
myopia; SE: Spherical equivalent; MD: Mean deviation; 10P.

Intraocular pressure; CCT: Central corneal thickness.

myopia without glaucoma was significantly thinner than that of
non — highly myopic glaucoma agrees with other previous

15-18,20]
. glaucoma

studies' Patients  with  highly myopic
sometimes have greater progression of visual field loss and
severe loss of central visual function™'. Due to the
ambiguous relationship between CT, SE, and POAG of highly
myopic glaucoma, we set both non—glaucoma high myopia and
non — highly myopic glaucoma as control groups for further
comparison and better understanding.

In this clinical study, subfoveal CT was measured in highly
myopic glaucoma, non—highly myopic glaucoma, and non-—
glaucoma high myopia subjects. The results were compared to
assess the angiopathic effect of high myopia on CT and
subsequently its role in glaucomatous optic neuropathy. We
found there is no significant difference between highly myopic
glaucoma patients and age matched high myopia controls, and
CT was not associated with damage severity as estimated by
MD of visual field defect and IOP. It suggests that choroidal
thinning is not an important component of glaucomatous optic
neuropathy.

To our knowledge, in published studies that assessed the link
between CT and POAG, few reports involved highly myopic
glaucoma eyes. Usui et al'®’ reported that CT in highly myopic
normal —tension glaucoma ( NTG) is significantly thinner than
that in myopic volunteers without glaucoma. In a similar
manner, Chebil et al"™ reported that foveal choroidal
thickness is reduced in highly myopic eyes with glaucoma.
However, our results showed that CT in eyes with highly
myopic glaucoma was not significantly different from that of
high myopic eyes without glaucoma, and there is no
association between severity of glaucomatous optic neuropathy
and CT. Many more recent studies showed POAG was not
significantly associated with a marked thinning or a thickening

11-14,23]

of the choroid subfovea' In the studies measuring

peripapillary CT, the authors found similar results between

#20  After adjustment

glaucoma patients and control subject'
for age and refractive error, Zhang et al' concluded that
POAG was not significantly associated with a marked thinning
of the choroid in both the foveal and parafoveal region, which

is consistent with our findings. We also found diagnosis
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(indicates glaucoma with high myopia vs. glaucoma without
high myopia) was not the significantly influential factor on CT
in all regions of the macula. So we think that choroidal
thinning is not sufficient evidence for the diagnosis and follow—
up of highly myopic patients with glaucoma. The hypothesis
that a thin choroid corresponds to less choroidal blood flow to
the optic nerve head may not be true.

Our findings and previous studies'”™"**’ showed that SE is
the most influential factor on the thickness of choroid, which
assumed that the vascular changes in glaucoma are more likely
a result of the myopia process rather than of the glaucomatous.
Thus, these results suggest that choroidal thinning is not an
important component of glaucomatous optic neuropathy. In
addition, choroid provides blood supply to the 5 layers of
outer retina, and glaucomatous damage is mainly at nerve
fiber layer, this supports the illation that no correlation was
found between CT and glaucoma damage.

The choroid of glaucoma patients without high myopia was the
thickest underneath the fovea in our study. This is consistent
with that observed in healthy subjects and patients with POAG

11-12,16,26-27] 3
. However, among patients

by previous studies'
with highly myopic glaucoma, the choroid was thicker in the
superior sectors compared with the central choroid. Similar
pattern was observed in subjects with high myopia, suggesting
that the location pattern of CT may have been affected by the
fact that highly myopic eyes have preexisting thinner choroids;
since the elongation of the globe in myopic eyes leads to
mechanical stretching and thinning of the choroid in the
posterior pole.

Despite of lack of difference between CT of highly myopic
glaucoma and non — glaucoma high myopic eyes, the former
may have ischemia and hypoxia of the choroid for the following
factors: 1) CT acquired by EDI-OCT cannot reflect the real
vascular density of choroid; 2) CT acquired by EDI-OCT
cannot reflect hemodynamic alteration of choroid; and 3) CT
does not reflect oxygen — carrying capacity of hemoglobin.
Therefore, further molecular biological studies are suggested
for better identification of the relationship of choroidal blood
supply and glaucomatous damage.

Our work deduced important findings in exploring some of
POAG pathogenesis in highly myopia glaucoma eyes; several
limitations of our study should be mentioned. First, CT only
indicates the choroidal blood flow indirectly. We need three—
dimensional and anatomical information to reveal the
characteristics of choroidal blood flow in highly myopic
glaucoma patients in the future. Second, the possible effect of
the antiglaucoma medication on CT was not considered in our
patients, although other studies assumed that vascular changes
in glaucoma are more likely a result of the glaucomatous
process rather than of its treatment >

In conclusion, this study provides additional evidence that
choroidal thickness in eyes with highly myopic glaucoma is
thinner than that in glaucoma eyes without high myopia, but
comparable with that in high myopic eyes without glaucoma. It
also confirms the lack of association between choroidal

thickness and glaucomatous optic neuropathy.
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